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Climate change has begun to affect the whole world seriously. If necessary and sufficient measures are not taken, it seems 
possible that much bigger disasters will occur in the future. The agricultural sector, which forms the basis of food production, 
is affected the most and rapidly by this change. Significant decreases have been observed in plant and animal production. Our 
primary purpose is to determine the reproductive potential of animals and the amount of resistance to climate change and 
evaluate the economic situation. The study was carried out within ten years, covering 2009-2019. In this study, morkaraman 
sheep bred in the province of Kirsehir in the Central Anatolian Region and the province of Bing6l in the Eastern Anatolia 
Region is considered material in Turkey. In order to obtain the data used, a total of 296 sheep, 145 sheep in the Eastern Anatolia 
Region and 151 sheep in the Central Anatolia Region, were evaluated. The simulation study was carried out using the polygenic 
model. The variables examined are as follows; Lactation time (days), Average daily milk yield (ml), Daily amount of feed 
consumed for | kg live weight (kg), Yield (%), Incidence of Mastitis, Daily oil yield (g/day), Daily protein yield ( g/day), 
Fertility (%), Fertility time (productivity) (Days), Change in milk yield for each degree above 22 °C and Protein change for 
each degree above 22 °C (g/°C /day). 

As a result, in a one-degree increase in temperature, the highest negative effect is seen in the average daily milk yield and 
lactation period. Fertility and the amount of feed consumed per kg of weight had the lowest value. The preliminary work to be 
done with the work is that the selection of animals that are resistant/tolerant to climate change should be made. 

Keywords: Genotypic effects, climatic change, morkaraman sheep, simulation, sustainability. 


INTRODUCTION 


The increase in the amount and intensity of the chemicals 
released into the atmosphere worldwide and _ called 
‘greenhouse gases’ has started to lead to a point where it is 
impossible to return environmental events. Greenhouse gases 
can be found naturally or are released into the air. However, 
today, the chemicals used to increase industrialization, 
urbanization and food production and the vast majority of the 
gases emitted are caused by human activities (Koknaroglu 
and Aktinal, 2010). When industrial development is 
examined, no severe threat was seen in environmental 
pollution until the 1800s. However, with the industrial 
revolution, the idea of mass production, which includes the 
desire for more production, has begun to harm nature (Brown 
et al., 2010). Since the mid-1900s, it is seen that 


environmental awareness has disappeared rapidly with the 
ambition to win brought about by the change in the form and 
content of production (Koyuncu and Akgiin, 2018). The 
2000s were recorded as the years when environmental 
disasters manifested themselves (Akram, 2012). Although 
studies have been started to increase environmental awareness 
and protect the environment, it is seen that it is not enough. 

The world population is increasing rapidly and 
uncontrollably. The changing world and the constant 
insensitivity to the environment cause economic and 
ecological and social and cultural problems. The resulting 
problems are effective in every sector. However, significant 
agricultural sectors are much more affected by these 
negativities. [It is known that nearly 3 billion people are 
engaged in agriculture today (WB, 2018). If the necessary 
measures are not taken, a significant part of 3 billion people 
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will be able to choose the way of being consumers rather than 
producers. Agriculture is a core sector that 1s very active in 
itself. Agricultural, environmental pollution (especially 
greenhouse gases such as CO2, CH4 and N20) is also in 
question. However, it remains at very low levels compared to 
the pollution caused by the industry. Pathak and Wassmann 
(2007) stated that the effect of agricultural activities on 
greenhouse gas worldwide would not exceed 20% and that the 
amount of environmental pollution was incomparably low 
compared to other areas. Naqvi and Sejian (2011) stated that 
greenhouse gases resulting from agricultural production 
indirectly affect climate change and that greenhouse gas 
production from agriculture should be reduced. 

It is known that climate change will have an impact on 
agricultural products. Animal production, which is the most 
important aspect of agricultural production, will be affected. 
Serious efforts are being made to prevent this or reduce it as 
much as possible. However, it seems that this is not enough. 
It is vital to select animal species and breeds resistant to 
climate change. It is necessary to develop appropriate 
breeding strategies and apply them decisively in this context. 
In order to ensure the continuity of sheep breeding 
enterprises, which have an important place in terms of 
livestock, factors such as milk, meat, fleece, increasing their 
fertility and reducing the incidence of Mastitis in milk should 
be maintained with appropriate breeding programs (Carabafio 
et al., 2019). It is expected that the effects of climate change 
will be felt more prominently and heavily in the coming years. 
In this, genetic interactions of sheep with the environment 
should be reduced as much as possible according to the 
changing climatic conditions (Fuerst-Waltl et al., 2018). 
Thus, the change will affect production very little. Genetic 
resistance studies should be prioritized in resistance breeding. 
Meteorologists are constantly preparing climate change 
scenarios. Correctional experts should update their programs 
accordingly. Ramon et al. (2021) stated in their study that a 
selection weight in the range of 10-20% in goats and sheep 
would be sufficient for successful selection and that it would 
also provide an excellent genetic response in terms of both 
animal production and resistance to changing conditions. 

It is expected that climate change will cause an increase in the 
number of harmful pathogens that will make animals sick, 
especially in animal reproduction, product quality, a decrease 
in the general immunity of animals, and a significant decrease 
in the performance of animals (Collier et al., 2019). Studies 
to reduce the effects of climate change have generally been 
aimed at improving environmental animal welfare factors to 
eliminate the short-term adverse effects. Much attention was 
paid to increasing the resilience of animals against adverse 
climatic conditions (Lopes et al., 2012). Due to the inability 
to develop appropriate breeding and breeding programs. 
Studies in terms of the effects of climate change generally 
focused on heat change and continued monitoring of animals' 
reactions and animal behavior in the face of heat changes 


(Bernabucci et al., 2014; Carabafio et al., 2014: Freitas et al., 
2021). Few studies have examined the effects of temperature 
change on the genetic structure of animals (Lopes et al., 2012; 
Briigemann et al., 2013). Evaluation as a whole and breeding 
programs need to be prepared. In this, a balance must be 
established between productivity and climatic conditions. If 
the balance is not achieved, the transactions may fail 
production and be resistant to changing conditions. 

In this study, our primary purpose is to determine the 
reproductive potential of animals and the amount of resistance 
to climate change and evaluate the economic situation. Many 
variables have been evaluated and it has been tried to 
contribute to the studies to be done by simulating the effects 
of climate change on animals. The rearing systems of 
morkaraman sheep raised in Central Anatolia and Eastern 
Anatolia conditions are emphasized because these two 
regions are seen as the regions most affected by climate 
change. 


MATERIALS AND METHODS 


The study was carried out within ten years, covering 2009- 
2019. In this study, morkaraman sheep bred in the province 
of Kirsehir in the Central Anatolian Region and the province 
of Bingo! in the Eastern Anatolia Region is constituted as 
material. Morkaraman sheep have adapted to these regions in 
terms of their structural characteristics. Its solid stance and 
large structure are among the reasons for preference. Its neck 
is long and its chest circumference is narrow. However, the 
leg height is in good condition. Its color can vary from red to 
purple. Fleece is usually not found on the face and head. 
While the males are horned, the horns have a large and spiral 
structure. Females are primarily hornless, but horned ones 
have very weak horns. They have a fat tail. 

Even if the climatic conditions of the Eastern Anatolia Region 
and the Central Anatolia Region are similar to each other, 
altitude differences can be determinative of climatic changes. 
The region has been associated with the existing production 
systems of morkaraman sheep, which is very important for 
these regions. Because it is known that changing weather 
conditions genetically affect the yield status of animals 
(Sanchez-Molano et al., 2019), it is known to be successful 
with applying selective breeding methods in these regions. 
Due to their climatic characteristics, both regions have cold 
and rainy winters and hot and dry summers (MGM, 2020). 
Morkaraman sheep have successfully adapted to this change. 
For the simulation study, it is necessary to determine the 
performance of the animals first. For this, a simulation study 
was carried out according to the phenotypic and genotypic 
values of the resistant characters to changing weather 
conditions. The features for the scenario to be prepared while 
performing simulation in Morkaraman sheep are as follows 
(Sanchez-Molano et al., 2019). The specifications are given 
as mean + standard deviation. 
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The data were obtained from the provincial directorates of 
agriculture, producer associations operating in the region, and 
our studies. In order to obtain the data used, a total of 296 
sheep, 145 sheep in the Eastern Anatolia Region and 151 
sheep in the Central Anatolia Region, were evaluated. The 
climate data was processed using the records taken from the 
provincial and regional directorates of Meteorology. Daily, 
weekly and monthly minimum, maximum and _ average 
temperature and humidity values obtained from _ the 
measurement stations were used. When using the climate 
data, the data of the closest announcement station to the 
animals’ location were used. Temperature changes occurring 
for a short time throughout the study were not considered and 
excluded from the evaluation because this type of data may 
cause our estimation to be wrong. 

The simulation study was carried out using the polygenic 
model stated by Falconer (1960). The main reason for doing 
this is that the inheritance of quantitative characters can be 
done based on the polygenic model (Kinghorn et al., 1994). 
Numerous genes with similar frequencies, additive effects 
and dominance relationships at all loci can affect the studied 
quantitative characters (Roberts and Smith, 1982; Falconer 
and Mackay, 1996). Simple linear regression analyzes were 
used to determine the relationships between the changes in air 
temperature used in the simulation and the effects of changes 
in milk and other factors. Genetic correlations between input 
parameters and traits, including genetic and _ heritability 
variance estimates, were made for each trait examined. The 
environmental deviations observed in the environment for the 
born offspring were calculated from the multivariate normal 
distributions for each generation. The determined phenotypic 
values were obtained by adding the genetic values to the 
population's environmental deviation and phenotypic mean. 
An estimated value was calculated for the future, taking into 
account the reproductive values of the animals. Thus, it was 
used as a target index with estimated reproductive value. With 
this index, animals could be ranked and used to select parents 


Table 1. Descriptive statistics of the analyzed variables. 


Variables 


that could be used for the next generation. SPSS 21 V 
statistical program was used during the simulation study. 


RESULTS AND DISCUSSION 


Descriptive statistics of the analyzed variables are shown in 
Table 1. When the table is examined, it is seen that the highest 
standard deviation is in the average daily milk yield value for 
both Bingol and Kirsehir provinces. This shows that daily 
milk yield is the most affected by external factors among the 
variables examined. The contents of the feeds given to the 
animals, the way they are given and the time they are given 
affect the average daily milk yield. In general, it is seen that 
the standard deviation values are high. It suggests that the 
main reason for this is that sheep are raised under natural 
conditions rather than special breeder conditions. Under 
special conditions, it may be possible to change or control the 
changes in the environment to a certain extent. However, 
control can be quite difficult or even impossible under natural 
conditions. 

As a result of the study, input parameters including genetic 
and heritability variance estimates for the studied trait and 
genetic correlations between traits are given in Table 2. When 
the table is examined, a positive and significant relationship 
was observed at the level of 0.01 between the fertility of the 
lactation period and the protein change for each grade above 
22 °C, while it was at the level of 0.05 between the daily feed 
consumption and the change in milk yield for each grade 
above 22 °C positive and significant relationships were 
identified. The daily average milk yield had a significant and 
positive relationship at the level of 0.01 with the amount of 
feed consumed daily and the protein and fat changes for each 
degree above 22 °C. Similarly, significant relationships were 
determined between the amount of feed consumed daily and 
the amount of oil and protein produced daily. 

The study tried to determine the flexibility and stability 
structures of animals with simulated data. The obtained 


Regions 
Bingol (Eastern Turkey) Kirsehir (Middle Turkey) 
Means+ SD Min-Max Means+ SD Min-Max 


Lactation time (days) 
Average daily milk yield (ml) 


145,16412,52 
386,18429,75 290,64-467,98 393,24+26,16 288,44-421,18 


134,22-157,67 143,29413,10 131,46-162,11 


Daily amount of feed consumed for | kg live weight (kg) 5,13+7,81 4,89-5,28 5,28+7,66 4,53-5,47 
Yield (%) 48,75+4,27 45,08-49,98 45 ,22+4,83 43,12-50,36 
Incidence of mastitis 0,23+0,38 0,14-0,43 0,20+0,34 0,13-0,44 
Daily oil yield (g/day) 7,61+4,11 6,96-7,78 6,92+4.89 6,18-8.03 
Daily protein yield (g/day) 6,11+42,87 5,87-6,19 6,47+3,17 5,12-6,99 
Fertility (%) 0,41+0,38 0,29-0,48 0,3940,35 (),25-0,46 
Fertility time (productivity) (Days) 105,1245,89 91,56-112,61 110,07+6,15 93,92-116,88 
Change in milk yield for each degree above 22 °C -0,3740,17  (-0,34)-(-0,38)  -0,3340,11  (-0,29)-(-0,31) 
Protein change for each degree above 22 °C (g/°C /day -0,2640,21 (-0,23)-(-0,28)  -0,2340,25  (-0,21)-(-0,25) 
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Table 2. Results of correlation analysis between variables. 


Degiskenler LS GOSV GYM R MI GYV GPV F FS SVD PVD 
LS - -0.204 -0.439* 0.188 0.094 = -0.176 0.277 -0.602** 0.159 0.438* 0.522** 
GOSV - 0.612** 0.276 0.169 0.098 = -0.127 0.215 = -0.177 0.632**- <0.552** 
GYM - 0.056 0.273 0.447*  0.505** 0.302 0.228 0.582* 0.509% 
R - 0.048 0.138 0.205 0.210 0.194 0.093 0.102 
MI - 0.241 0.109 0.115 0.231 0.198 0.207 
GYV - 0.334 0.285 0.361 0.497*  0.534** 
GPV - 0.237 0.169 0.320 0.266 

F - 0.095 0.217 0.316 
FS - 0.079 0.092 
SVD - 0.447* 
PVD - 


LS: Lactation time (days), GOSV: Average daily milk yield (ml), GYM: Daily amount of feed consumed for 1 kg live weight (kg), R: 
Yield (%), MI: Incidence of Mastitis, GY V: Daily oil yield (g/day), GPV: Daily protein yield (g/day), F: Fertility (%), FS: Fertility time 
(productivity) (Days), SVD: Change in milk yield for each degree above 22 °C, PVD: Protein change for each degree above 22 °C (g/°C 


/day 


stability results are shown in Table 3. When the results 
obtained are examined, it is understood that the stability 
characteristics of the examined characters are quite low. It is 
understood that they are greatly affected by the changing 
environmental conditions. It is seen that the character with the 
best stability value is the lactation period for the sheep raised 
in both regions. While the lactation period was 0.982 for those 
grown in Bing6l, it had a very high value of 1.02 for those 
grown in Kirsehir. Changes followed this character in milk 
and protein yield for each degree above 22 oC in both regions. 
The lowest stability characteristics were determined in daily 
oil yields. While the stability value for this feature was 0.115 
in Kirsehir province, it was 0.172 in Bing6l province. When 
the evaluation was made for the stability of all characters, it 
was seen that the values of both regions were close to each 
other. Bing6l province, with a value of 0.622, was slightly 
higher than the province of Kirsehir, which has a value of 
0.600, but the difference was not significant. 


Changing weather conditions, especially temperature 
changes, negatively affect milk production's flexibility and 
stability. As a result of the linear regression study carried out 
to define the relationship between air temperature and milk, 
protein and fat yield, it was seen that the relationships were at 
a very high level. When the regression equations were 
examined, it was determined that if the temperature increased 
by one degree, the daily milk yield would decrease by 2.08 
ml/day, the oil yield would decrease by 0.96 g/day and the 
protein yield would decrease by 1.17 g/day. We see that the 
lactation period will also be significantly affected by the 
temperature and the lactation period will be shortened by 2.21 
days with an increase in temperature by one degree. Yield will 
decrease by 1.04% and Fertility by 0.34%. Decreases are also 
expected in the amount of feed consumed by the animal per 
kg body weight. For each degree increase in temperature, it 
was determined that the animals would eat 0-14 grams less 
feed. The linear regression equations and coefficients 
determined for the variables are as follows; 


Table 3. Descriptive stability values of the examined variables. 


Variables 


Lactation time (days) 

Average daily milk yield (ml) 

Daily amount of feed consumed for | kg live weight (kg) 
Yield (%) 

Incidence of mastitis 

Daily oil yield (g/day) 

Daily protein yield (g/day) 

Fertility (%) 

Fertility time (productivity) (Days) 

Change in milk yield for each degree above 22 °C 
Protein change for each degree above 22 °C (g/°C /day 
Average stabilize values 


Stability values according to regions 
Bingol (Eastern Turkey) 


Kirsehir (Middle Turkey) 


0,982 1,02 
0,617 0,701 
0,739 0,697 
0,307 0,216 
0,298 0,209 
0,172 0,115 
0,588 0,566 
0,788 0,811 
0,467 0,332 
0,927 0,966 
0,956 0,972 
0,622 0,600 
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Average daily milk yield = 279,15 — 2,08T 
Daily oil yield = §8,12—0,96T 
Daily protein yield = 6,19-1,17T 
Lactation time = 138,71 —2,21T 


Daily amount of feed consumed for 1 kg live weight 
= 4,97—-0,14T 
Yield 42,80 — 1,04T 
Fertility = 0,39 —0.034T 

Ataman (1997) stated that stress factors negatively affect the 
reproductive and vitality period in animals, while he stated 
that temperature is one of the most important factors. Garcia- 
Ispierto et al. (2006) stated that temperature triggers all kinds 
of adverse changes in animals. They also stated that short- 
term temperature changes do not have a significant effect, but 
long-term changes will cause severe reductions in yield and 
quality. Colak and Shepherd (2002) reported similar results. 
Because heat stress causes the deterioration of the diet, 
hormonal balance, and insufficient development of the 
embryos (Topuzoglu and Bastan, 2010). Especially in the 
case of prolonged heat stress, the amount of possible disease 
in animals increases, the mortality rate increases, growth and 
development retardations are experienced, and the quantity 
and quality of all products, especially milk yield, decreases 
(Wolfenson et al., 2000; Nandi et al., 2001). In their study, 
Peralta et al. (2005) stated that pregnancy rates that occur 
under normal conditions with an increase in temperature are 
as low as 80%. Accordingly, it is estimated that decreases in 
fertility and fertile duration will increase in the future with the 
effect of temperature. The simulation results obtained in the 
study confirmed the statements of the researchers. 

Nardone et al. (2002) stated that the yield losses might be 
beyond the expected due to climate change and especially the 
adaptation ability of the animals to the rapid changes due to 
warming. Again, Nardone et al. (2010) stated that due to 
global warming, there is a significant decrease in milk yield 
in dairy cattle and live weights in beef cattle. Petrovica et al. 
(2015), on the other hand, showed that the number of animal 


bugs and pests increased due to the change caused by global 
warming, and therefore, their losses in yield increased. The 
results we obtained in our study agree with the researchers’ 
results. It is stated that the temperature in Turkey has 
increased by 1-1.5 degrees compared to the last 100 years 
(MGM, 2020). It is expected that the temperature will 
increase further in the coming periods. One of the 
environmental stimulants, significantly the increase in 
temperature, can directly affect the hormones that affect the 
target tissues in animals. Accordingly, it can cause a decrease 
in feed consumption, acceleration of respiration, and 
increased water consumption (Koyuncu and Akgiin, 2018). 
In the study, 25 replications were made for each breeding 
scenario, and their reliability was checked. 30% male and 
50% female, which are in the best condition for each 
generation, were selected from the animals constituting the 
central mass. The simulation study determined the maximum 
number of offspring per sire and dam as 7% (Romon et al., 
2021). Inbreeding depression, especially in inbreeding, was 
evaluated as linearly related to inbreeding, and accordingly, 
inbreeding was negatively affected fertility. Crow, J.F., 
Dennistan (1988) stated that the size of the variance of the 
population is influenced by the rearing of the hind-breed and 
in this, it is necessary to be careful in inbreeding. In addition, 
Ertugrul et al. (2005) emphasized in their study that 
inbreeding should be continued in a controlled manner in 
order to protect gene resources. Ozcan et al. (2004), on the 
other hand, stated that some environmental factors might have 
amore significant effect on growth and development in sheep. 
It is known that continuous inbreeding can be inconvenient 
and decrease yield and quality. Genotypic renewal is 
recommended from time to time for this purpose 
(Nandagawali et al., 1996; Cassel et al., 2003). Our study 
believed that genetic innovation should be made after ten 
years of inbreeding. 

In the scenarios prepared for breeding, an evaluation was 
made on the sum of the gains obtained for each trait and 


Table 4. The evaluation made by weighting the analyzed variables with their economic value. 


Variables 


Lactation time (days) 

Average daily milk yield (ml) 

Daily amount of feed consumed for | kg live weight (kg) 
Yield (%) 

Incidence of mastitis 

Daily oil yield (g/day) 

Daily protein yield (g/day) 

Fertility (%) 

Fertility time (productivity) (Days) 

Change in milk yield for each degree above 22 °C 
Protein change for each degree above 22 °C (g/°C /day 
Avreage economic losses 


Economic Losses by Regions (Dollar/Day) 
Bingol (Eastern Turkey) Kirsehir (Middle Turkey) 


4 4.5 
1,8 yaa 
am 29 
3,6 42 
11,8 12,8 
1,4 i 
12 1,2 
aye 6,3 
4,7 5,1 

0,03 0,03 
0,02 0,03 
3,25 3,68 
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weighted with the economic value. The evaluations made are 
given in Table 4. When the table is examined, it is seen that 
Kirsehir province will be affected more economically by 
climate change. The highest loss was observed in the 
incidence of Mastitis. The loss, which was 118 TL in Bing6l, 
was determined as 128 TL in Kursehir.With this study, 
attention was paid to this in the simulation study since it was 
to determine the resistance point that the animals would show 
against temperature increase by taking reference breeding 
techniques in morkaraman sheep as reference. 

Mutluer (2001) stated in his study that the rate of Mastitis is 
around 35% in dairy cattle throughout Turkey. However, the 
rate of Mastitis in sheep is around 11% and most of them 
(95%) are subclinical. The remaining part has clinical features 
(Baysal and Edge, 1989). It is known that an increase in 
mastitis rate negatively affects milk yield and quality. The 
most important factors causing Mastitis in sheep are 
Pasteurella mastitis, Pasteurella multocida, Pasteurella 
haerp.olytica, Staphylococcus aureus, Staphylococcus 
epidermitis, Corynebacterium pyogenes, Corynebaoterium 
ovis, E. coli, Mycoplasma spp. and Anthrocoids (Erdogan and 
Batu, 1980; Batu and Firat, 1981). In general, mastitis studies 
are carried out for dairy cattle in Turkey. Very few studies 
have been done on sheep. It is necessary to carry out such 
studies in the area where the study is carried out and 
throughout Turkey. 

The lowest amount of loss was found in milk and protein yield 
changes (g/oC/day) for each degree above 22 oC. It is known 
that temperatures above 22 degrees adversely affect animal 
welfare at specific rates. However, it has been observed that 
it does not seriously affect up to 32 degrees. After this degree, 
every increase in temperature caused an increase in stress 
conditions in animals. Increasing stress conditions constitute 
the beginning of the change in all characteristics of animals, 
especially milk yield. The fact that animals have been 
genetically adapted to the region and have been bred for many 
years causes the limits of tolerance to expand genetically. 
However, it is understood that it will not be possible for the 
tolerance to short-term temperature changes to show itself 
under long-term high temperatures. For this reason, it would 
be beneficial to prioritize studies that can reduce heat stress in 
breeding studies. 

The graphical representation of the simulation results for the 
characters examined in the study is shown in Figure |. When 
the figures were examined, the increase in temperature caused 
a decrease for all characters. Especially staying above 30 
degrees for a long time increases the heat stress and ends the 
efficiency-quality relationship. Changes in the provinces of 
Bingol and Kirsehir, the study areas, take values close to each 
other. However, the changes observed in Kirsehir province 
are slightly faster and more severe than the changes in Bingol 
province. While Bing6él province is 1925 m above sea level, 
Kirsehir is 975 m. However, the difference observed is that 
beyond the height, Kirsehir 1s located in a flat area, and Bingol 


is located in a depression between the mountains. This 
geographical difference may have caused the change in 
Kuirsehir province to be very fast. The effects of temperature 
are felt much more in Kursehir province due to its 
geographical location. 

In the study, in the evaluation of the sheep according to the 
regions, the weather conditions in both regions appear as the 
subject that should be dealt with as a priority. It is understood 
that the increase in temperature will continue to increase in 
the coming years. Accordingly, preparations must be made in 
advance to take the necessary measures. Even if there are 
some minor changes in the breeding of sheep, a more positive 
trend for milk yield was observed in the scenarios made for 
breeding animals compared to other characters. The incidence 
of Mastitis also decreased as the effects of weather conditions 
were reduced. Air temperature will increase the incidence of 
Mastitis a little more. This 1s seen as the prolongation of the 
duration of stay in the pasture. In the study, it was observed 
that the selection index value started to decrease over time. 
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characters (Continued). 


This was thought to be related to the increase in temperature. 
It was observed that there was a general decrease of 18-28% 
between the period when the study was started and the end 
period. The results started to show positive changes by 
increasing the selection weight given for their resistance to 
temperature change in sheep. While this change was -2.68 
before, it decreased to -1.66 g/°C/day with an emphasis on 
durability. 

This study has also aimed to direct the tendency towards 
different areas, especially economically, on sheep breeding, 
which has a very important place for our future. Because it is 
necessary to increase the tolerance of the animals against the 
negative changes that will occur due to the increase in 
temperature for this, it is necessary to prepare for the future 
by doing the necessary work before it is too late. 


Sheep have great economic importance for climatic 
conditions in both regions (Bing6él and Kursehir) studied. 
However, when the production and breeding strategies are 
taken into account in the studies that have been done and will 
be carried out, sudden changes in temperature and weather 
events may force the economic and healthy activities of the 
studies. Even small changes in production quantity and 
quality mean large-scale losses. The consequences of large- 
scale losses can be truly devastating. We need to correctly 
understand the relationships between the production levels of 
animals, their capacity and endurance characteristics and 
develop a strategy accordingly. It is necessary to make the 
necessary selections for heat resistance based on genetics and 
ensure genetic progress. 

It is necessary to improve the amount of fat and protein 
production and the time of giving them, especially the milk 
yield of the sheep. The stability of growth and development 
of animals is not sufficient for resistance to changing weather 
conditions. At the same time, the productivity of animals must 
be stable because we need to consider the animal as a whole. 
An important part of the animals living in Bing6l province is 
located in Karliova district. The altitude of this district is 
about 2000 meters. Temperature changes here are much more 
minor and limited compared to Kirsehir province. However, 
Kirsehir province is affected by temperature changes at a 
much higher rate. This is more clearly understood in the study 
when the reduction amounts and speeds in the province of 
Kirsehir are taken into account. In order for the production 
scenarios to be implemented, the minor possible error should 
be allowed to occur. However, sudden changes in the air 
branches caused by the possible problems, difficulties and 
temperature changes due to the temperature increase 
constitute a critical constraint for the studies to be carried out. 
In order to prevent this, it will be necessary to use more stable 
breeding and distinctive scales according to the regions and 
to reduce the tolerance limits to be made within this. Reducing 
the tolerance limits will help us to prevent possible changes 
in advance. 

Fertility of animals raised in Bing6l province is much better 
than Kirsehir province. However, it will not be enough to 
work on the fertility rate. Along with preserving fertility, the 
quantity and quality of milk will also need to be maintained. 
In general, it is necessary to control the decrease observed in 
the amount and duration of vitality as the temperature 
increases in the reproduction of animals due to weather 
conditions. In the study, it is thought that the temperatures 
will increase between 2-2.5 degrees in the next twenty years. 
While this increase will cause the winters to be much milder, 
it will cause the summer months to be much hotter. Especially 
in the province of Kirsehir, where the summer months last as 
long as 4-5 months, and in the province of Bing6l, which lasts 
3-4 months, the adverse effects on animals should be expected 
increase even more. The deterioration of the existing 
endurance characteristics of animals due to temperature 
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changes should be well studied. This deterioration may be 
caused by temperature increase as well as other factors. If we 
can identify the factors that negatively affect resilience, we 
can better manage resilience and sustainability in animal 
yields. The study observed that the correlations between 
endurance and other characteristics were not statistically 
significant. However, the fact that they have received positive 
values suggests that they can be interfered with their certain 
degree of flexibility and contribute to the sustainability of 
efficiency and productivity. Of course, it should be known 
that the effects of genetic improvements on animals will be 
significant. 

In advance, it is specified how much importance will be given 
to which character in simulation studies. Evaluation is made 
accordingly. Our study made numerous evaluations, and the 
best results were obtained with a 25% emphasis on durability. 
If the effect of weather conditions is taken at 15% or less, the 
durability increases, but if it 1s above this, it decreases 
depending on the increase in temperature. The most 
appropriate effect rate was determined as 10%. However, we 
cannot expect this ratio always to yield positive results 
because the realized values are more important to us. With the 
increase in temperature, not only decreases in reproductive 
power and quantity but also in quality, increase in diseases 
and perhaps the emergence of new types of diseases. Of 
course, these are seen as factors that reduce economic 
efficiency from an economic point of view. Each negative 
impact will also directly impact the endurance studies and 
their economic values. 

This study is only a 10-year study and it needs to be 
emphasized and continued by adding new studies. According 
to the results obtained in the coming years, it will be possible 
to make healthier evaluations. For this reason, it will be 
necessary to make continuous updates in the economic 
evaluation of the work done and to be done. 


Conclusion: As a result, the study was carried out on 
morkaraman sheep in two regions with very different climatic 
and geographical conditions. In order to ensure sustainability 
against temperature increase, it is necessary to develop 
rational breeding strategies, determine the variables to be used 
well, and keep the amount of performance losses of animals 
at the lowest level possible. In this regard, it is necessary to 
continue the breeding work with zero tolerance, if possible. 
This study will contribute to the work with this match and will 
be a guide. 
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